In this paper, a finite element code which enables to analyze behaviors of furniture under seismic excitation was developed. An algorithm considering frictional contact based upon the penalty method was implemented and some analyses were performed. The developed code was validated by comparing the results with motion experiments of steel cabinets and medical equipment under seismic excitations. In addition, the motion behaviors of medical equipment with casters were numerically investigated for different numerical conditions such as constraints of casters. From the numerical results, it is confirmed that overturning behaviors of steel cabinets under different seismic excitations are well simulated and that the constraints of casters have a great influence on the motion behaviors of medical equipment.
To maintain the original function of medical facilities after earthquakes is important to avoid the increase of casualties. Furniture in schools and residences can become dangerous objects for human life, and many tumbled furniture such as chairs and tables can become fatal obstacles that prevent people from evacuating. Therefore, it is important to know the overturning behaviors of furniture under seismic excitations, as well as the behaviors and damages of the building itself. From this background, various shake-table tests for such specimen had been carried out, although such tests can be too costly to conduct repeatedly. To restrain the costs, numerical simulation techniques such as discontinuous element method (DEM) had been applied to investigate the motion behaviors of furniture. Its calculation cost is very small; however, there are physically uncertain properties that have to be fixed in the models and it is difficult to obtain the deformations and stress distributions of the models. The finite element method (FEM), on the other hand, is effective means to evaluate the deformations and stress distributions of the model and requires less number of parameters than the DEM.
The main objective of this study is to develop an effective numerical code to analyze the motion behaviors of furniture subjected to seismic excitations. The numerical code is constituted based on the ASI-Gauss technique, which is a finite element scheme that provides higher computational efficiency than the conventional code. In this code, frictional contact between objects is fully considered by employing a sophisticated penalty method. In this paper, two analyses using this code were conducted to achieve this objective. One of them is a motion analysis of furniture in an office, and the other is that of furniture in a medical facility. In medical facilities, there are various furniture with casters. In the past huge earthquakes, furniture with an unlocked caster moved fiercely and that with a locked caster overturned instantly. We carried out some motion analyses of furniture with various fixed conditions to clarify how the fixed condition of casters influence the motion behaviors of furniture.
First of all, a motion analysis of furniture in office was carried out to compare with the experimental results performed at Shimizu Corporation. As a result, the overall behaviors of overturning motion in the analysis were in good agreement with that of experiment. The finite element code using the ASI-Gauss technique with frictional contact algorithm was thus validated. Furthermore, the velocity and the sectional force of furniture which are required to evaluate human suffering were obtained in the analysis. Next, some motion analyses were carried out for furniture with casters installed in the specimen of medical facilities, which was shaken at E-Defense, NIED. In these analyses, the numerical method of expressing various conditions of casters was employed. The fixed condition of casters can be varied using this method and its influence on the motion behaviors of furniture could be investigated.
Furniture with casters such as an electric scalpel and an operating table moved fiercely under a long-period ground motion. However, furniture with locked casters and high center of gravity tended to rock on the floor under a short-period ground motion. It was confirmed that these motions strongly depended on seismic excitations, fixed conditions of casters, and heights of center of gravity. From the motion analyses of furniture in an office and furniture with casters in a medical facility, the validity of the numerical code was verified. 
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